Introduction: The objective of this systematic mixed-methods review is to assess what is currently known about the levels of physical activity (PA) and sedentary time (ST) and to contextualize these behaviors among South Asian women with an immigrant background.
Background
Low levels of physical activity (PA) (defined as movement of the body requiring energy expenditure) and increased sedentary time (ST) (no energy expenditure above that required at rest) are major independent risk factors in the development of cardiovascular disease, and are recognized as key contributors to other chronic conditions such as type 2 diabetes and obesity [1] . As such, PA and ST are potentially modifiable health behaviors that can be changed to reduce risks for morbidity and premature mortality resulting from various chronic diseases [2] [3] [4] . It has been shown that those who are physically active can reduce their risk of developing cardiovascular disease by up to 50% [2] . The World Health Organization, US Department of Health and Human Services and the UK Department of Health agree that 150 minutes of moderate intensity PA or 75 minutes of vigorous activity per week are recommended to achieve health benefits [5] [6] [7] .
South Asian women (SA) are disproportionately affected by chronic diseases [2, 8, 9] and large crossnational surveys of many western nations such as the UK, Australia and the US have consistently reported that SAs report lower levels of PA than their white counterparts [10, 11] . Cardiovascular disease (CVD), which includes heart attack and stroke, accounts for 16.7 million deaths globally each year [12] . CVD is the leading cause of death in the UK and nearly half of all deaths in Europe are caused by CVD [12] . The UK has one of the highest rates of CVD in the world, with more than 190,000 deaths in 2008 [12] . In the UK 33% of all mortality in South Asian women and 25% in men 2008 was caused by cardiovascular disease [12] . As insufficient PA is recognized as a significant, independent risk factor for CVD and other chronic diseases, it is important to gain a better understanding of the PA levels of SA and the factors influencing PA among this population to help inform the development and delivery of culturally appropriate interventions and policy [13] .
Researchers have recently focused on quantifying and contextualizing PA and ST among groups such as SAs living in industrialized countries who are at the greatest risk for cardiovascular and other chronic diseases such as type 2 diabetes and hypercholesterolemia when compared to the general populations of those countries [14] . The objective of this systematic mixed-methods review is to assess what is currently known about levels of PA and ST in SA. Research questions are: 1) What is known about the volume, intensity, duration and type of PA/ST that SAs engage in, 2) What is known about the context in which these behaviors occur in SA, and 3) What is the quality of the evidence on PA/ST in SAs?
Methods
After careful consideration of the methods that would be most appropriate for answering the research questions, a combination of the EPPI-Centre mixed-methods systematic review and an integrative review were used. This review uses the EPPI-Centre methods for systematically searching the literature, rigorously assessing the quality of studies, and synthesizing quantitative and qualitative studies into one report. As in the integrative method, many types of studies were considered for inclusion in order to meet the objective of the review [15] . These included randomized and non-randomized controlled trials, observational studies and qualitative studies. The adaptation of the mixed-methods review and integrative review allowed for a systematized and rigorous review while including the appropriate studies to fully answer the research questions.
Search strategy
A search was performed in online databases (MEDLINE, The Cochrane Library, EMBASE, PsychInfo, CINAHL, AnthroSource and Sociological Abstracts from 1980 to July 2012), grey literature, hand searches of journals over the previous twelve months (MSSE, Journal of Physical Activity & Health, Journal of Aging and Physical Activity), and reference lists of articles to identify studies. Search terms included combinations of PA, ST, physical exercise, physical fitness, exercise, sport, physical training, physical training, recreation activity, MVPA, LTPA, leisure activities, physical inactivity, sedentary behavior and South Asian/immigrant. Inclusion criteria were: Randomized and non-randomized controlled studies, observational and qualitative studies; studies that include data on PA and/ or ST; studies on SA; studies published from 1980 on to obtain the most current data; studies with data on adult women aged 18 and older; studies published in English. Exclusion criteria included: Studies without adult data and studies focusing on migrant groups instead of permanent immigrants, and studies on children.
Quality of studies was assessed using validated checklists developed from the Critical Appraisal Skills Programme (CASP) [16, 17] . The checklist for quantitative studies was used to assess quality of study design including methods selection, identification of biases, appropriate use of statistical methods, and clarity of reporting [16] . Studies were accepted for inclusion if they addressed each of these through justification of choices made in each quality category. The checklist for qualitative studies assessed strength of studies for inclusion, ranking studies on a continuum from weak to strong [17] . Consideration was given to rigor (thorough and appropriate key research methods), credibility (findings well presented and meaningful), and relevance (how useful are the findings) [17] . Qualitative studies were acceptable for inclusion if they were categorized as at least of moderate quality. Study eligibility was confirmed by two researchers and quality assessment and data extraction were performed by the principal investigator (WSB) and confirmed by a senior researcher (JLT).
Findings from quantitative studies are described numerically and textually to provide a summary of evidence on PA and ST performed by SA since heterogeneity of methods and measures of PA and ST precludes the use of meta-analysis. Qualitative data was synthesized and analysed thematically using NVIVO in three stages: 1) lineby-line coding of primary studies; 2) organising codes into themes; and 3) development of analytical themes [18] . The final integrated synthesis consists of narrative commentary, combining the results of quantitative and qualitative syntheses. Figure 1 shows the identification and inclusion of studies for the final synthesis. A total of 8,123 studies were initially retrieved and seventy-three studies were identified by title and abstract for more detailed evaluation. Thirty-eight studies (quantitative n = 26, qualitative n = 12) were included in the final synthesis and analysis.
Results

Quantitative synthesis
One study was observational longitudinal [4] and 25 were cross-sectional designs [7, 8, 10, (Table 1) . Fifteen studies were conducted in the UK [4, 10, 19, 20, 24, 26, [32] [33] [34] [36] [37] [38] [40] [41] [42] , six in the US [21, [27] [28] [29] 31, 39] , two in Canada [8, 30] , one in New Zealand [22] , one in Australia/ India [25] , and one in Guadeloupe [35] . Eight studies obtained samples from large-scale population studies [10, 29, 30, 33, [36] [37] [38] [39] , five recruited from community centres [21, 22, 27, 28, 32] , five from census/birth records or electoral registers [20, 34, [40] [41] [42] , three from general practice lists [11, 26, 35] , two did not state recruitment strategy [8, 43] , two recruited based on postcode [4, 19] and one recruited from a university campus [31] . Five studies were limited to women [20, 24, 31, 33, 40] , while the remaining included both women and men. Five studies conducted their analyses on men and women as one group [10, 21, 29, 36] ; sixteen provided analyses by gender [4, 8, 19, 22, [25] [26] [27] 30, 32, 33, 35, 37, 38, [41] [42] [43] . Four studies conducted subgroup analyses by country of origin [4, 10, 19, 20] . All but two [22, 32] studies assessed PA or ST through self-report survey. These were through pedometer (New Lifestyles NL200) to calculate steps and through accelerometer (Caltrac) used in conjunction with a heart rate monitor to calculate energy expenditure [22, 32] . Four studies [21, 22, 26, 33] examined PA among SA over 40 years of age while all other studies examined adults ranging in age from 16 yr to 90+ yr.
Measurement of physical activity and sedentary time
Sixteen studies focused on PA prevalence [4, 8, 10, 19, 21, 22, 24, 27, 29, 30, 33, 34, [38] [39] [40] 42] . Two studies used a questionnaire to estimate both PA and ST among male and female SAs in the UK [36, 39] . Fourteen focused on the prevalence of PA among SAs in comparison to the white or general population of the host country. Kolt et al. (2007) did not make this comparison [22] . Methods of assessing PA prevalence varied greatly between studies. Four studies measured prevalence of PA in the week prior to completion of the survey [10, 29, 34, 39] , two asked respondents broadly if they participated in PA but did not specify a timeframe [21, 40] , two assessed the prevalence of participating in regular PA [24, 30] , one dichotomized PA by asking respondents if they were either active or inactive [4] , one assessed prevalence of PA based on the number of kilometres walked or cycled per hour/week [33] , one assessed the prevalence of ever taking vigorous PA [42] , one used a scale (highly to 'never-routinely') [28] , one study assessed the prevalence of performing PA by number of times/week [8] , one assessed the prevalence of physical inactivity only [39] , and one assessed PA using pedometer steps per minute measured over 7 consecutive days [22] . All studies that assessed prevalence of PA in comparison to the white or general population found that SAs performed significantly less PA than the comparison group [4, 8, 10, 24, 29, 33, 39, 40, 42, 44] . Three studies assessed duration of PA [25, 27, 31] . Misra et al. (2005) report total PA duration in mean minutes per week [27] . SA Indian men performed an average of 45 (+/−44) minutes while women performed 16 (+/−48) minutes of PA, less than half of the minutes of PA that the men did per week [27] . Majahan et al. (2004) reported total exercise in hours over a twoweek period [25] . This study compared SA Indian women living in Australia or India, and found that women in Australia were performing just over half of the hrs/2 weeks of PA (4.8 +/5.3, p < .003) than the women in India (9.2+/− 9.1, p < .003) [25] . Palaniappan et al. (2002) reported regular exercise in number of minutes per week [31] , and found that SA Indian women performed nearly 5 minutes less regular exercise overall than their white counterparts (42 +/− 20.7 vs. 46.5 +/− 21.5) though this result was not significant. Two studies assessed PA in terms of energy expenditure with both finding that SA expended less energy in PA that their white and SA male counterparts [26, 35] . The one study that measured both PA and ST reported that on average, 70% of SAs in the study did some PA and that an average of 50% of participants were sedentary for more than 3 hours per day [36] .
Eighteen studies assessed LTPA [8, 10, [19] [20] [21] [24] [25] [26] [27] [28] [29] [30] [31] 33, 34, 40, 41, 45] , three assessed home, work and leisure physical activity combined [4, 37, 38] , two assessed active commuting [8, 27] , two did not specify mode of activity but instead measured energy expenditure [32, 35] , one assessed occupational physical activity [33] , one study did not specify mode of activity but focused on intensity of the activity [42] , one study assessed steps but did not specify the mode of activity [22] , and one study looked solely at physical inactivity with no mode specified [39] . In studies that assessed LTPA in both SA and white European groups, SA consistently reported less LTPA than their white European counterparts [4, 8, 10, [24] [25] [26] [29] [30] [31] 33, 34, 40, 41] . In the study by Dogra et al., 55.8% of SA respondents reported actively commuting to work versus 53.1% of the white European respondents (not significant) [8] . Misra et al. (2005) report that 12.5% of SA men reported actively commuting to work while no women reported doing so [27] . Pomerleau et al. (1999) indicate that 62.5% of SA and 49.0% of white Europeans reported walking more than sitting at work (p < 0.01) [33] .
Qualitative synthesis
Eleven of the twelve qualitative studies included in this review investigated LTPA [15, 23, [46] [47] [48] [49] [50] [51] [52] [53] , and one investigated the feasibility of using accelerometers and questionnaires to assess PA among SA [54] . Seven conducted individual interviews [22, 27, 32, 46, 47, 55, 56] , three conducted focus groups [50, 52, 57] , and two used both methods to address various research questions pertaining to PA; none of these studies explored behaviors related to ST [48, 49] . Eight studies were conducted in the UK [23, 46, 48, 49, [52] [53] [54] 58] , and one each in Canada [47] , Australia [51] , the US [50] , and Norway [15] . Participants from five studies were recruited from general medical practices [23, 46, 47, 51, 52, 58] , three from community centers/sports clubs [15, 52, 54] , one via media release [51] , one recruited participants by identifying people from participant observations [49] , one from a larger cross sectional study [50] and one did not describe participant recruitment [48] . Nine studies included male and female participants [23, [46] [47] [48] [49] [50] [51] [52] 58] and three were restricted to women [15, 53, 54] . Ages of participants in all studies ranged from 30 yr to 70+ yr. One study restricted age to 16-25 yr [15] and one did not specify age, but has been included in this review because the authors stated it focused on adults [50] . Table 2 summarizes the main findings of the qualitative studies. A broad range of themes emerged including knowledge of PA and its benefits as well as barriers and facilitators to participation among SA. All but one study discussed some aspect of these themes [54] . The study by Pollard & Guell explored the feasibility of using accelerometers with South Asian women and how well they were able to recall PA from the previous week in order to determine the appropriateness of using questionnaires with the group [54] .
Knowledge of physical activity and its benefits
Nine studies highlighted participants' knowledge of PA and its benefits [23, 41, 46, [48] [49] [50] [51] 53, 58] . In three studies respondents reported awareness that they should be participating in regular PA and that it has some general health benefits [23, 50, 58] . In the study by Horne et al., participants reported not being aware of the health benefits of PA [49] . Although there was a general awareness, five studies reported that there was confusion as to what types and how much PA to perform as well as confusion about specific health benefits [46, 48, 49, 53, 58] .
Barriers to participating in physical activity
Nine studies reported barriers to PA participation among SA [23, 46, [48] [49] [50] [51] [52] [53] 58] . Major barriers were those due to cultural differences with the dominant society and structural barriers. Five studies reported that SA as well as their families and communities would view taking time out to participate in PA as a selfish act [23, 48, 51, 53, 58] . Women reported that in SA culture, a woman's focus is meant to be on the family and she should perform domestic duties over all other activities [23, 53] . Those women who participated in PA or wanted Focus on similarities among each other rather than differences +Quality rating from checklist from Critical Skills Appraisal Programme (8) in which the assessor ranks a series of questions from weak to strong based on their assessment of rigor, credibility and relevance of the study to answering each question. *Physical activity; **South Asian; *** Focus group.
to, were concerned about the stigma that might come from others in their community [23, 48, 58] . Moreover they reported that caretaking duties left them with no time for PA [23, 46, 58] . Five studies cited culturally inappropriate facilities as a barrier to PA participation in this population [46, 48, 52, 53, 58] . Examples included mixed-sex facilities such as swimming pools that do not consider the women's requirement for modesty, and the use of male instructors [23, 48, 58] . Four studies found that women were less likely to participate in PA outside their home if they had difficulties speaking English, the language of the wider society [23, 48, 52, 53] . The concept of fatalism or the idea that health is Allah's will was expressed in two studies [48, 49] . Structural barriers such as fear for personal safety were cited in five studies [23, 46, 49, 52, 53] . Many women were worried for their safety if they were to go out into the neighborhood unaccompanied [23, 46] , while others were fearful of exacerbating an illness or disability by doing too much PA or becoming too tired while out in the neighborhood alone [46, 49, 53] . Three studies cited poor weather as the main barrier for low PA participation [23, 46, 52] . Finally, lack of time [23, 46, 58] , money [48] , and access to open spaces [46] were additional structural barriers noted.
Facilitators to participating in physical activity
Facilitators to PA participation emerged in four studies [23, 48, 49, 53] . A common facilitator seen in all studies was motivation to participate in PA as a way to care for the health of the body and to prevent or alleviate illness and disease [23, 48, 49, 53] . Two studies offered solutions to lack of PA motivation in SA [23, 48] . Having exercise equipment in the home was seen as one way to motivate people to be physically active and eliminate several barriers to participation [23] . Education about Muslim faith was also seen as a way to motivate the South Asian community since PA was seen as central to the Muslim way of life [48] .
Final synthesis & discussion
The quantitative studies included in this review broadly indicate that SA's PA levels are lower than the general or white population of their host countries, though SA Indian women generally had higher levels when compared to other SA women (Bangladeshi and Pakistani women) of the host countries [4, 10, 19, 20, 41] . There were no randomized controlled trials available for inclusion in this review, which may indicate that there is not enough high quality evidence on PA or ST in this population from which to draw conclusions. Self-report surveys were used to measure PA participation in all but two studies [22, 32] ; it is recognised these measures have limitations such as recall bias and misinterpretation of questions [14, 59] . Eight studies reported using questions on PA from a validated questionnaire, though these have been validated on white populations, not SA populations [25, 27, 28, 34, 36, 37, 39, 42] . The study that used an accelerometer to measure PA levels chose to use a device that is often used in conjunction with a heart rate monitor and is typically used to measure the energy expenditure (in kcals) of PA [32] . The findings that women of SA origin perform little PA based on their energy expenditure are similar to other studies that have used the Caltrac to assess PA in other ethnic minority women such as African American women in the US [60] .
This device is known to overestimate energy expenditure of activities such as walking and running and therefore may not be the best choice of accelerometer [56] . Other accelerometers that are commonly used are the Actigraph and the ActivePAL [44] . These can be worn without the use of a heart rate monitor and are widely used to measure the intensity and duration of PA [44] . More high quality studies with rigorous study designs and methods are needed to assess levels of PA and ST in this population.
Heterogeneity within SA groups based on country of origin/birth and diversity of socioeconomic status (SES), religious beliefs and cultural practices make insights from these studies difficult to generalize and should be interpreted with caution [61, 62] . Of the 26 quantitative studies reviewed only 13 included any information on SES and a range of markers of SES were measured across studies [4, 8, [19] [20] [21] [28] [29] [30] 33, 34, 36, 38, 39, 42] . Measures of SES included household income [4, 8, 21, 34, 36, 42] , education level [4, 8, 19, 20, 28, 30, 33] , and deprivation indexes such as Index of Multiple Deprivation scores [37] and the Townsend Deprivation Index [4] . Other potential mediating or confounding factors such as employment status [18, 28] , disease status [4, 22, 32, 38, 39, 41] , religion [19, 36] , stress levels [36] and racial discrimination [20, 36] were reported and controlled for in physical activity analyses, although these were not collected in all studies.
Conclusions from these studies are based on the limited and often missing information on sampling, methods and findings obtained from papers. Most studies gave minimal or no information on the translation of surveys into the appropriate languages. As the qualitative studies reviewed here have indicated, English language skills are limited in this group and efforts should be made by researchers to make the translation and interview process more transparent. Measurement and definition of PA varied widely, making it difficult to quantify activity across all studies. Moreover terms such as PA, vigorous, moderate, exercise, etc. have different meanings in the English language, making them challenging to understand by those whose first language is not English [63] . As evidenced by this review, ST is largely overlooked within the current research on SA. Only two studies reported ST and this was self-reported data [36, 38] . Based on the evidence indicating low levels of PA, this population is likely to have high rates of ST and sedentary behaviors. Future research is needed to assess levels of ST and contextualize sedentary behaviors since these have been identified as important independent risk factors for CVD. Additionally, it is difficult to compare PA across studies since the domain of PA measured, and the methods used to assess PA, varied across studies. The majority of quantitative studies measured LTPA. It may be the case that SA women do not engage in LTPA but do engage in more household or occupational activities. There may be considerable amounts of PA that are not being captured by the currently published studies, therefore more investigation is needed into the type of PA that SA women currently engage in.
The qualitative studies reviewed for this paper varied by methods, sample size, and research focus. While most studies reported that they chose themes or interview questions a priori, there was little description of how these were chosen. Mays & Pope (2003) recommend using the presence of a theoretical framework as one aspect of assessing quality of qualitative studies [15] . However only three studies in this review [15, 47, 51] identified and reported the theoretical framework that underpinned the study.
Knowledge of PA and its benefits was found to be lacking among SA. Horne et al. (2009) found that there was disagreement on the understanding of the difference between exercise and PA [49] . This misunderstanding can be compounded by health practitioners or health promotion professionals giving only general recommendations, and failing to provide detail on what activities should be performed, at what intensity and for what duration [53] . Awareness of specific health benefits of PA such as falls prevention, cardiovascular health, and stress relief was low among many SA [23, 49, 52, 58] . Of those respondents who knew about the benefits of PA and had knowledge of which activities to participate in, few reported that they were successful in actually performing any activity [23, 46, 49, 58] or did not believe that they needed PA for their own health [46, 49, 52, 58] . In contrast, Kalra et al. (2004) found that most respondents (who were all of SA Indian descent) did do some PA [50] .
While the majority of the qualitative studies addressed barriers and facilitator to PA, there was little agreement in the findings. There are several possible reasons for this. The term "South Asian" is used to group together people from the India, Pakistan, Bangladesh, and Sri Lanka, but this grouping is one of convenience and fails to address the differences that may be found between these diverse countries and cultures. The studies were also guided by different research goals. For example, some focused on PA in SA with type 2 diabetes [23, 48] or heart disease [47, [51] [52] [53] 58] , and others on falls prevention for older SA [49] . Finally, the method of data collection, i.e. individual interviews vs. focus groups, may provide information on individual's thoughts and perceptions (interviews) or reveal the thoughts and perceptions of the collective (focus groups) [61] . Some common themes across these two methods were identified. These included barriers to PA due to differences of the host culture and the SA culture, structural barriers such as neighborhood safety, and facilitators such as the use of faith and education to encourage activity.
Put in the context of global PA and ST among ethnic minority groups, the findings from this review are consistent with those of many previous studies on other ethnic minority groups. Examples include studies on African Americans and Hispanics in the United States where researchers have found similar barriers to those of the SA reviewed here, including cultural barriers such as proper dress for PA and lack of time, money and facilities for PA [1, 57, 64] . Studies on Muslim minority groups have also found comparable results to these, referring to an incongruence of the minority culture and the host population as a main barrier to PA behaviors [65] . Future research should focus on improved methods of working within minority cultures to reduce barriers to PA and discourage ST. While there are similarities in the barriers to PA, the solutions to low PA among these groups may be varied due to the specific characteristics of individuals and communities. These should therefore be explored further and employed to promote increased levels of PA and reduce ST among SA.
This review has built a detailed description of all the evidence published since 1980 on SA and PA from both quantitative and qualitative sources. This method of synthesizing both types of studies has some limitations. There is currently no standardized way of extracting data or assessing the quality of both types of studies [61] , therefore more than one method was used. This analysis suffers from a lack of detail from some papers on the sample, methods, and findings. Publication and researcher bias are also a consideration, although efforts were made to procure all studies, published or unpublished, and to use multiple researchers in the identification of studies, data extraction and assessment of quality. Finally, due to a lack of randomized controlled trials and significant heterogeneity between studies, a meta-analysis of results was not possible.
Although not a traditional systematic review, this review has closely followed the rigorous standards of conducting systematic reviews. The strengths of this review include transparent methodology and the inclusion of all types of research to produce the most comprehensive narrative evidence on PA and SA. This review updates and improves upon previous work through integration of study types to provide the most comprehensive picture of existing evidence in this area [63, 66] . This systematic synthesis of studies also allows for the development of more informed recommendations for future research needs and intervention strategies.
Implications
These findings have implications for researchers, policy specialists and health practitioners. It is clear from the findings of this review that there is little standardization of PA measurement or terminology used to describe SA groups across studies. This reduces the ability to compare findings across studies and to make any useful generalizations. It is recommended that researchers use objective measures of PA (e.g., accelerometers) more widely among ethnic minority groups. Only two of the 26 quantitative studies [20, 22] in this review used objective measurements and only one of those used accelerometers [32] . While there are other objective measurements that might be considered to be the gold standard, accelerometers offer the ability to accurately and consistently monitor PA and avoid recall bias, translation issues, and have a high degree of reliability over time [22, 59] . The wider use of this technology will help to standardize PA measures and allow for better comparisons across studies. While objective measurement is recommended, it is not always a practical option. Therefore when selfreport methods must be used in lieu of objective measurement, it is recommended that researchers used the IPAQ in order to standardize measurement across studies [67] . The IPAQ can be translated into a range of languages and dialects and used for a wide variety of participants, [38, 59, 67] . Additionally, this review illustrates the need for more theory-based research to better understand the social, structural, economic, and cultural factors contributing to the PA and ST in this group. Moreover, there is currently not enough data to ascertain whether there is a consistent difference between women of various SA subgroups, and if there is, what that difference might be.
Policy specialists should consider the alarmingly low rates of PA among SA and press for more evidencebased interventions and programs aimed at this population. The results reported here suggest that healthcare and health promotion practitioners need to provide more detailed guidance on the type, frequency and duration of PA for their patients and clients in this population. There is also concern among SA that participating in PA will aggravate current disease or illness and practitioners should promote education on the benefits of PA even for those with disease. The use of translators and leaders in the faith communities may assist in disseminating these messages.
Conclusions
This review has identified the quantitative and qualitative studies on PA among SA. All quantitative studies showed a trend toward low activity levels in this group, though outcome measures varied widely. Although findings were limited, they suggest that barriers to PA may be overcome by working within cultural norms and to provide more education on the safety and benefit of PA. The evidence base for these conclusions is limited and it is recommended that more research be done in this area to close gaps in knowledge and provide the information needed to develop and disseminate culturally appropriate interventions that increase PA and reduce ST in this population.
